Colour Doppler sonography is currently used in the fields of cardiology, I cerebrovascular disease," genito-urinary vascular studies, peripheral arterial and venous disorders and neonatal intracranial vascular studies.' There are lim ited reports in literature of its application to the study of the eye and orbit. We report our experience and results of the use of colour Doppler sonography in 45 cases.
SUMMARY
Colour Doppler sonography is currently used in the fields of cardiology, I cerebrovascular disease," genito-urinary vascular studies, peripheral arterial and venous disorders and neonatal intracranial vascular studies.' There are lim ited reports in literature of its application to the study of the eye and orbit. We report our experience and results of the use of colour Doppler sonography in 45 cases.
PATIENTS AND METHODS
Colour Doppler sonography was performed using a 7.5 MHz linear array transducer (Acuson 128 XP). The eyes were examined with the patient supine and eyelids closed. The transducer was applied to the closed eyelids using a coupling gel.
This system enables detection of amplitude, phase and frequency shift, revealing a real-time grey-scale/colour flow image. Antegrade (i.e. towards the transducer) arterial flow was selected to be shown in red and venous The eyes of 20 healthy subjects (the control group) were examined to establish the sites of evaluation and to pro vide a comparison with the abnormal findings seen in the affected eyes of the patients. Details of the cases studied are shown in Table I . Most of these pathologies were diag nosed by clinical examination, direct and indirect ophthal moscopy, fluorescein angiography, and conventional B-scan ultrasonography where applicable.
RESULTS
The control group subjects were healthy individuals rang ing in age from 28 to 50 years (mean 39 years). There were 12 men and 8 women.
Choroidal Malignant Melanoma
Four patients with unilateral malignant melanoma (mean age 42 years) were subjected to colour Doppler imaging. Doppler signals were elicited in all the melanomas and tumour vessels identified by colour imaging (Fig. 1) . Irrespective of media clarity, colour Doppler provided an in vivo cross-section of the vascular topography of the tumour in real time. Maximum systolic velocity from the tumour vessels ranged between 17 and 23 cm/s.
Choroidal Tu berculoma
Two patients with choroidal tuberculoma (mean age 32.5 years) were studied. Ophthalmoscopic examination revealed a choroidal mass with exudative retinal detach ment around it. Fluorescein angiography showed blocked fluorescence in the affected area and no tumour vessels within the mass. Colour Doppler confirmed the absence of intrinsic vasculature within the mass and revealed vessels coursing over the detached retina in the echo-free vitreous cavity (Fig. 2) . Investigations for oculotoxoplasmosis and syphilis were negative. A total body scan failed to reveal any occult primary malignancy elsewhere. A chest radio- A. C. GULANI ET AL.
graph showed evidence of inactive pulmonary tuberculo sis. A positive Mantoux skin test for tuberculosis was elicited. The patient improved on anti-tuberculous chemotherapy.
Retinohlastoma
Ten patients with retinoblastoma (mean age 1.5 years) were studied. Eight cases were unilateral, of which 7 pre sented with clear media and 1 as a complicated cataract. Two patients had bilateral involvement. Diagnosis was made on the basis of age at presentation, leucocoria and fundus examination. Conventional B-scan sonography showed the presence of an intraocular mass with evidence of calcification within it. Colour Doppler revealed typical tumour vascularity in all cases (Fig. 3) . These vessels showed high flow and a maximum velocity of 18-19 cm/s. The unilateral cases underwent enucleation and histopathological confirmation. Tw o of the patients with bilateral involvement underwent enucleation of the worse eye and cryotherapy for the remaining eye. These eyes were followed up on colour Doppler, which showed decreased vascularity and gradual regression that was correlated ophthalmoscopically.
Persistent Hyperplastic Primary Vitreous
Three patients with persistent hyperplastic primary vit reous (mean age 10 months) were studied. Patients pre sented with unilateral leucocoria and microphthalmos. B-scan sonography showed the presence of a band cour sing from the optic disc to the peripheral retina and lens. Colour Doppler revealed the presence of a patent hyaloid vessel within the band in all our cases (Fig. 4) , thus con firming the diagnosis and overruling the other relevant causes of leucocoria at this age.
Von Hippe/'s Disease (Angiomatosis Retinae)
Six cases of Von HippeI' s disease were evaluated. Five of these were unilateral and I bilateral. Fundus examination of the affected eye showed the presence of an angiomatous mass in the mid-periphery of the retina and the presence of dilated, tortuous feeder vessels coursing from the optic disc to the angioma. Ultrasonography demonstrated the mass with minimal surrounding retinal detachment. Colour Doppler imaging showed a pair of dilated, tor tuous, intertwined blood vessels arising from the optic disc and coursing to the angioma (Fig. 5) . The flow in these two vessels was in opposite directions as depicted by the colour mode. Peak velocity in the artery was 19-22 cmls (mean 20.5 cm/s). This colour Doppler picture was consistent in all our 6 cases. We stress the importance of these findings as highly suggestive of angiomatosis retinae.
DISCUSSION
We initially studied a control group to familiarise our selves with the normal vascularity and sono-anatomy of the eye. Conservative therapy of malignant melanoma of the choroid necessitates improved methods of assessing these tumours before and after treatment. Though fluorescein angiography is helpful it requires the presence of clear ocular media. A-scan ultrasonography cannot elucidate the vascular topography or identify low-flow vascular nests in treated tumours. The vasculature of the malignant melanoma plays an important role in its conservative management. Better-perfused tissue is more radiosensi tive than poorly perfused tissue. 4 The fact that colour Dop pler is independent of media clarity and is able to define the vascularity thus holds significance in the diagnosis and management of these tumours. In monitoring malignant melanomas following radiotherapy the presence of vas cular channels identified on colour Doppler may indicate a lingering tumour viability, and thus affect prognosis.
The ability to rule out a malignant mass in our case of choroidal tuberculoma prevented the patient from under going further expensive and hazardous investigations and morbid surgery.
The importance of Doppler sonography in diagnosing and monitoring retinoblastoma, especially in the presence of unclear optical media, needs to be stressed, as not all cases show the presence of calcification on conventional B-scan ultrasonography. ' The presence of a patent hyaloid vessel within the fibrous band extending from the optic disc to the lens helps in confirming the diagnosis of persistent h.\perplastic primwy vitreous; also the presence of a patent vessel will affect the planning of surgery.
The consistency with which we were able to picture the cases of angiomatosis retinae would be of value in diag nosing this condition in cases where visualisation of the ocular fundus is not possible ophthalmoscopically due to opaque media (which may be a complication of the disease). Colour Doppler sonography could be added to the existing protocol for evaluating affected patients and relatives at risk of having the abnormal gene."
Colour Doppler combines anatomical and velocity data, displaying a picture which is easily comprehended. This has revolutionised non-invasive vascular imaging tech niques and for the first time ocular and orbital vasculature has been subjected to imaging in an informative and repro ducible manner. The various advantages of colour Dop pler sonography compared with other diagnostic modalities are that it: (I) is safe, and non-invasive, (2) does not require contrast material, (3) is relatively inex pensive, (4) is quick and repeatable, (5) has consistent reproducibility, (6) is easy to carry out and comprehend, and (7) provides specific topographic information regard ing intraocular space-occupying lesions along with their vasculature in a dynamic, real-time setting.
Colour Doppler sonography has recently been used in the field of ophthalmology in the investigation of carotico cavernous fistula,7 carotid artery disease,x orbital varix,Y superior ophthalmic vein thrombosislo and central retinal vessel evaluation. I I We now stress the importance of this new technique as a useful adjunct to the existing battery of investigative modalities in the diagnosis and management of intraocular space-occupying lesions.
